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,QWURGXFWLRQ
,Q WKH ILHOG RI LQIUDUHG LPDJHU\ SHGHVWULDQ GHWHFWLRQ LV D YLWDO DQG LPSRUWDQW WDVN ,W SURYLGHV QHFHVVDU\
LQIRUPDWLRQ IRU PDQ\ GLIIHUHQW DSSOLFDWLRQV VXFK DV QLJKW YLVLRQ WDUJHW DFTXLVLWLRQ WUDFNLQJ VXUYHLOODQFH DQG
PRQLWRULQJ 7KH SHGHVWULDQ GHWHFWLRQ LQ ,5 LPDJHV LV PRUH FKDOOHQJLQJ WKDQ LQ WKH YLVLEOH LPDJHV EHFDXVH ,5
VHQVRUVFDQEHXVHGhIRULPDJHDFTXLVLWLRQZKHUHDVYLVLEOHVHQVRUVGHSHQGRQVXQOLJKWRUDQ\RWKHUH[WHUQDO
OLJKWVRXUFHV,5LPDJHVKDVORZVLJQDOWRQRLVHUDWLR615DQGKHQFHFDQQRWSURYLGHSURSHUYLVXDOL]DWLRQRI
WKH REMHFWV FDSWXUHG ,5 LPDJH ORRNV OLNH HLWKHU YHU\ GDUN RU EULJKW ZKLWH ± EDVHG RQ WKH FORXG SUHVHQFH LQ WKH
HQYLURQPHQW 7KXV QRQSHGHVWULDQ REMHFWV DQG EDFNJURXQG LQIRUPDWLRQ LQWHUUXSW WKH GHWHFWLRQ 7KH ,5 LPDJHV
FDSWXUH WKH KHDW JHQHUDWLQJ REMHFWV DQG DUH WHPSHUDWXUH GHSHQGHQW LQ JHQHUDO %DVHG RQ WKH VXUURXQGLQJ
WHPSHUDWXUHVKHDWJHQHUDWLQJREMHFWVPD\DSSHDUDVEULJKWLQWHQVLW\UHJLRQVRUPHUJHZLWKEDFNJURXQGLQIRUPDWLRQ
,QYLHZRIWKHVHUHDVRQVSHGHVWULDQGHWHFWLRQLQ,5LPDJHVLVYHU\GLIILFXOW
,Q WKH UHFHQW SDVW UHVHDUFKHUV IRFXVHG RQ SHGHVWULDQ GHWHFWLRQ PHWKRGV )URP WKH OLWHUDWXUH DYDLODEOH WKH





OHDVWPHDQVTXDUH ILOWHUELODWHUDO' OHDVWPHDQVTXDUH ILOWHU7KHVH ILOWHUV IDLO WRGHWHFWSHGHVWULDQVGXULQJ ORZ
FRQWUDVW DQG KHDY\ FOXWWHU EDFNJURXQG FRQGLWLRQV ZKLFK DUH SUHYDOHQW LQ ,5 LPDJHU\ 7KH WKUHVKROGLQJ PHWKRGV
LQFOXGHWKUHVKROGVHOHFWLRQIURPJUD\OHYHOKLVWRJUDPWKUHVKROGLQJXVLQJHQWURS\RIKLVWRJUDPLPSURYHGLPDJH
WKUHVKROGLQJVKDSHUHVROYLQJORFDOWKUHVKROGLQJLWHUDWLYHWKUHVKROGLQJORFDOWKUHVKROGLQJ7KHVHWKUHVKROGLQJ
PHWKRGV KDYH SUREOHP RI GLVFRQWLQXLW\ LQ SL[HOV DQG WKXV SHGHVWULDQV DUH QRW SURSHUO\ GHWHFWHG'HWHFWLQJ VPDOO
SHGHVWULDQVLQKHDY\QRLVHIDLOVDQGIDOVHDODUPUDWHLQFUHDVHV7KHZDYHOHWEDVHGPHWKRGVLQFOXGH+LOEHUWZDYHOHW
WUDQVIRUP GRXEOHGHQVLW\GXDOWUHH FRPSOH[ZDYHOHW WUDQVIRUPDQGZDYHOHW HQWURS\EDVHG7KHZDYHOHW EDVHG
PHWKRGVKDYHSUREOHPZKHQWDUJHWVDSSHDULQFOXVWHURUZKHQWDUJHWVDUHFOXWWHUHGZLWKWKHEDFNJURXQGRUZKHQWKH
WDUJHW LV VPDOO DQGEDFNJURXQGQRLVH LVPRUH7HPSODWHPDWFKLQJPHWKRGV LQFOXGH LPSURYHG WHPSODWHPDWFKLQJ
DQGVFDOHLQYDULDQWWHPSODWHPDWFKLQJ7KHVHPDWFKLQJPHWKRGVIDLOWRGHWHFWWKHVKDSHRIWKHSHGHVWULDQDQGDUH
VHQVLWLYH WRQRLVH6DOLHQF\GHWHFWLRQPHWKRGV LQFOXGHGLUHFWLRQDO VDOLHQF\EDVHGPHWKRGDQGVDOLHQF\H[WUDFWLRQ
PHWKRG7KH VDOLHQF\EDVHGPHWKRGVKDYHSUREOHPV OLNH WLPHFRQVXPLQJGXH WRJHQHUDWLRQRI WKH VDOLHQF\PDS
IURPJLYHQLPDJHIDOVHDODUPUDWHLQFUHDVHVIRUVPDOOSHGHVWULDQFRPELQHGZLWKWKHEDFNJURXQGQRLVH
7R DGGUHVV WKHVH LVVXHV LQ WKLV SDSHU D QRYHO DQG DQ DGDSWLYH SHGHVWULDQ GHWHFWLRQ PHWKRG LV SURSRVHG 7KH
SURSRVHGPHWKRG LVEDVHGRQVLQJOH LPDJHEXWQRWRQVHTXHQFHRI LPDJHV7KHSURSRVHGV\VWHPFRQVLVWVRI WKUHH
VWDJHV ² EDFNJURXQG VXEWUDFWLRQ PRGHO KLJKERRVW ILOWHULQJ DQG ORFDO DGDSWLYH WKUHVKROGLQJ %DFNJURXQG
VXEWUDFWLRQPRGHOLVXVHGWRVXSSUHVVWKHEDFNJURXQGDQGLQFUHDVHWKH615YDOXHRIDQLPDJH+LJKERRVWILOWHULQJ
LV XVHG IRU VKDUSHQLQJ WKH HGJHV )LQDOO\ IRU SHGHVWULDQ GHWHFWLRQ ORFDO DGDSWLYH WKUHVKROGLQJ XVLQJ *DXVVLDQ
IXQFWLRQLVGRQH
7KHPDMRUDGYDQWDJHRIWKHSURSRVHGPHWKRGLVWKDWWKHUHLVQRQHHGDERXWDQ\SULRULQIRUPDWLRQDERXWWKHLQSXW

















FOLPDWH FRQGLWLRQV OLJKW VFDWWHULQJ RSWLFDO GHIRFXVLQJ OHQV DQRPDO\ GHWHFWRU WLOW GLVWRUWLRQ RIPLUURU LPSHUIHFW
LOOXPLQDWLRQ DWPRVSKHULF FKDQJHV DQG VR RQ ,Q RUGHU WR RYHUFRPH WKHVH D EDFNJURXQG VXEWUDFWLRQ PRGHO LV
GHVLJQHGLQWKLVSDSHU7KHEDFNJURXQGVXEWUDFWLRQPRGHOLVGLVFXVVHGKHUH
/HWILMEHWKHJUD\VFDOHLQSXWLQIUDUHGLPDJHZKLFKKDVWKHIRUPDWLRQDVGHILQHGLQHTXDWLRQ



























   
ZKHUH I;L M UHSUHVHQWV WKH IRUHJURXQG RI WKH LPDJH 3H LV WKH HVWLPDWHG SHDN KLVWRJUDP RI LPDJH $IWHU WKH
VXEWUDFWLRQRIEDFNJURXQGSHGHVWULDQREMHFWVDUHHOHYDWHG615YDOXHLVLQFUHDVHGDQGEDFNJURXQGLVVXSSUHVVHG
+LJKERRVWILOWHULQJ




ZLWKRXW UHPRYLQJ ORZ IUHTXHQF\ FRPSRQHQWV +HQFH WR LPSURYH WKH HGJHV RI REMHFWV IURP WKH EDFNJURXQG
VXEWUDFWHGLPDJHLWLVHPSOR\HG,WLVGHILQHGLQHTXDWLRQ





















 *ML+   









,QJHQHUDO LQ,5 LPDJHREMHFWVKDVDKLJKHU WHPSHUDWXUH WKDQ WKHEDFNJURXQG7KHEDFNJURXQG LVVXSSUHVVHG
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 N7  

ZKHUHNLVWKHVFDODUȝLVWKHPHDQRII;(LMDQGLVWKHYDULDQFHRII;(LM
$GDSWLYH&DOFXODWLRQRIN  7KHYDOXHRI WKHN LV DGDSWLYHO\ FDOFXODWHG)RU WKH DGDSWLYH FDOFXODWLRQRI N
YDULRXVH[SHULPHQWVDUHFRQGXFWHGRQILMXVLQJWKHPD[LPXPLQWHQVLW\YDOXHRILPDJHPLQLPXPLQWHQVLW\
YDOXH RI LPDJH VWDQGDUG GHYLDWLRQ RI LPDJH YDULDQFH RI LPDJH HQWURS\ RI LPDJH ILUVW DQG VHFRQG RUGHU
PRPHQWV HWF 6LQFH WKH LQSXW LPDJHV DUH FKDUDFWHUL]HG E\ ORZ LOOXPLQDWLRQ DQG ORZ VLJQDOWRQRLVH UDWLR


























   
ZKHUH)LMLVWKHUHVXOWDQWSHGHVWULDQSL[HO
([SHULPHQWDO5HVXOWVDQG3HUIRUPDQFH$QDO\VLV
7KHSHUIRUPDQFHRI WKHSURSRVHGPHWKRG LV WHVWHGRQ27&%96%HQFKPDUNFROOHFWLRQRI ,5 LPDJHV²268
7KHUPDO 3HGHVWULDQ 'DWDEDVH 7KH GDWDEDVH FRQWDLQV h VL]H LPDJHV RI 2KLR 6WDWH XQLYHUVLW\ FDPSXV
ZDONLQJDUHD7KHLPDJHVZHUHFDSWXUHGLQERWKGD\DQGQLJKWRYHUPDQ\GD\VXVLQJ5D\WKHRQ'WKHUPDOVHQVRU
ZLWKPP OHQVFDPHUD$ WRWDORIFODVVHVRISHGHVWULDQ LPDJHVZLWK LPDJHVKDYLQJSHGHVWULDQVDUH





)LJXUH  VKRZV WKH VDPSOH UHVXOWV REWDLQHG IURP WKH SURSRVHG PHWKRG FRPSDUHG ZLWK WKH :DQJ PHWKRG
PD[PHGLDQILOWHUhWRSKDWWUDQVIRUPDQGPD[PHGLDQILOWHUh&ROXPQDUHSUHVHQWVWKHVDPSOHRULJLQDO
LPDJHVRIFODVVFODVVFODVVFODVVDQGFODVVUHVSHFWLYHO\&ROXPQE LQGLFDWHV UHVXOWVRI WKHSURSRVHG
PHWKRG&ROXPQFVKRZVUHVXOWRIWKH:DQJPHWKRG&ROXPQGVKRZVWKHUHVXOWRIWKHPD[PHGLDQILOWHUh
&ROXPQHGLVSOD\VWKHUHVXOWVRIWKHWRSKDWWUDQVIRUPDWLRQDQG&ROXPQIVKRZVWKHUHVXOWRIWKHPD[PHGLDQ
ILOWHU h UHVSHFWLYHO\ )URP )LJXUH  LW FDQ EH HDVLO\ SHUFHLYHG WKDW WKH SURSRVHG PHWKRG VKRZV DFFHSWDEOH
UHVXOWVLQSHGHVWULDQGHWHFWLRQWKDQWKHRWKHUPHWKRGV
7KHJUDSKLFDODEVWUDFWRIWKHSURSRVHGPHWKRGLVVKRZQLQ)LJXUH)LJXUHDUHSUHVHQWVWKHRULJLQDOLPDJH








7R VKRZ WKH SHUIRUPDQFH RI WKH SURSRVHGPHWKRG LW LV FRPSDUHGZLWK WZR GLIIHUHQW FDWHJRULHV RI GHWHFWLRQ
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PHWKRGVVXFKDVVLQJOHLPDJHVDQGVHTXHQFHRILPDJHV7KHSHUIRUPDQFHRIWKHSURSRVHGPHWKRGRXWSHUIRUPVZLWK
WKH VLQJOH LPDJHPHWKRGV VXFKDV:DQJPHWKRGPD[PHGLDQ ILOWHUh WRSKDW WUDQVIRUPDQGPD[PHGLDQ








73'3'   
7DEOHJLYHV WKHGHWHFWLRQUDWHRIFODVVHVIRU WKHSURSRVHGPHWKRGFRPSDUHGZLWK WKH:DQJPHWKRGDQG
RWKHUPHWKRGV)URPWKH7DEOH LW LVREVHUYHGWKDWWKHSURSRVHGPHWKRGKDVKLJKHUGHWHFWLRQUDWHWKDQ WKHRWKHU
PHQWLRQHGPHWKRGV
7KHTXDQWLWDWLYHSHUIRUPDQFHRIWKHSURSRVHGPHWKRGLVDOVRDQDO\]HGZLWKIHDWXUHGHVFULSWRUEDVHGPHWKRGVIRU






)3339   
7KH 3' RU VHQVLWLYLW\ GHVFULEHV WKH SUREDELOLW\ RI SHGHVWULDQV FRUUHFWO\ GHWHFWHG 7KH KLJK VHQVLWLYLW\ YDOXH
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6LQJOHLPDJH    
6HTXHQFHLPDJH    
)3    
73    
339  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 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DUHEDFNJURXQGPRGHOLQJDQG ORFDODGDSWLYH WKUHVKROGLQJXVLQJDGDSWLYHFDOFXODWLRQRISDUDPHWHUV IURPWKH LQSXW
LPDJH%DFNJURXQGVXEWUDFWLRQPRGHO LVGHYHORSHG WRVHSDUDWH WKHIRUHJURXQGREMHFWV IURP WKHEDFNJURXQGXVLQJ
SL[HOLQWHQVLWLHVRIWKHLPDJH6HFRQGO\WRHQKDQFHWKHHGJHVRIWKHIRUHJURXQGKLJKERRVWILOWHULVXVHG)LQDOO\
SHGHVWULDQVDUHGHWHFWHGEDVHGRQORFDODGDSWLYHWKUHVKROGLQJ7KHHIILFDF\RIWKHSURSRVHGPHWKRGLVHYLGHQWIURP
WKH VXEMHFW HYDOXDWLRQ UHVXOWV DV ZHOO DV REMHFWLYH HYDOXDWLRQ ZLWK DURXQG  RI SHGHVWULDQV GHWHFWLRQ UDWH
FRPSDUHGWRWKHRWKHUVLQJOHLPDJHH[LVWLQJPHWKRGV








 5DMNXPDU 6 0RXOL 3& 3HUFHSWXDO YLVXDOL]DWLRQ HQKDQFHPHQW RI LQIUDUHG LPDJHV XVLQJ IX]]\ VHWV ,Q 7UDQVDFWLRQV RQ
&RPSXWDWLRQDO6FLHQFH;;96SULQJHUS±
 5DMNXPDU 60RXOL 3& 7DUJHW GHWHFWLRQ LQ LQIUDUHG LPDJHV XVLQJ EORFNEDVHG DSSURDFK ,Q ,QIRUPDWLFV DQG &RPPXQLFDWLRQ
7HFKQRORJLHVIRU6RFLHWDO'HYHORSPHQW6SULQJHUS±
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 'HVKSDQGH 6'0HQJ+( 9HQNDWHVZDUOX 5 &KDQ 30D[PHDQ DQGPD[PHGLDQ ILOWHUV IRU GHWHFWLRQ RI VPDOO WDUJHWV ,Q
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 ,PDJH3URFHVVLQJ3URFHHGLQJV
,QWHUQDWLRQDO&RQIHUHQFHRQYRO,(((S±
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